The Use of Scanning Electron Microscopy in the Analysis of Pathological Hairs by Forslind, Bo
Scanning Microscopy 
Volume 3 Number 4 Article 18 
12-6-1989 




Follow this and additional works at: https://digitalcommons.usu.edu/microscopy 
 Part of the Biology Commons 
Recommended Citation 
Forslind, Bo (1989) "The Use of Scanning Electron Microscopy in the Analysis of Pathological Hairs," 
Scanning Microscopy: Vol. 3 : No. 4 , Article 18. 
Available at: https://digitalcommons.usu.edu/microscopy/vol3/iss4/18 
This Article is brought to you for free and open access by 
the Western Dairy Center at DigitalCommons@USU. It 
has been accepted for inclusion in Scanning Microscopy 
by an authorized administrator of DigitalCommons@USU. 
For more information, please contact 
digitalcommons@usu.edu. 
Scanning Microscopy, Vol. 3, No. 4, 1989 (Pages 1177-1182) 0891-7035/89$3.00+.00 
Scanning Microscopy International, Chicago (AMF O'Hare), IL 60666 USA 
THE USE OF SCANNING ELECTRON MICROSCOPY IN THE ANALYSIS OF PATHOLOGICAL H IRS 
Bo Forslind 
Experimental Dermatology Research Group, 
Department of Medical Biophysics, 
Karolinska Institutet, Stockholm, Sweden. 
(Received for publication May 02, 1989, and in revised form December 06, 1989) 
Abstract 
The po tent ials of the scanning electron microscope 
(SEM) have only to a certain degree been exploited 
in the study of pathological hair fibers. In this 
review brief vi e wpoints on as pects of preparation 
and in terpretation are discussed. It is shown that 
SEM will reveal important facts on the morphology 
of pathological hairs is appropriate experiment 
are performed, such as forming a knot on the 
fiber. Such a s imple experiment will provide 
information on the fiber cross section, a nd on the 
tensile strength of the cuticle a nd the fiber. 
Complementary me t hods for qualitative and 
quantita tive analysis of pathological hair fibers 
are suggested. 
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Introduction 
Scanning electron microscope (SEJI) analysis 
of pathological hairs was one of the first and a 
prominent application when pathologist first began 
this instrument . Undoubtedly this was due to the 
ease by which hair samples could be prepared for 
scanning microscopy. This is of course due to the 
fact that the hair fiber is a specimen which is 
alrea dy extensively dehydrated as it emerges out 
of the follicle. Also , the proteins of hair fibers 
are (relatively) stable in the electron beam. Thus 
this type of specimen can be subjected to 
prolonged scrutiny in the SEM. 
The SEM has played an important role in the 
development of hair pathology. An early source of 
inspiration was the "First lfuman Hair symposium" 
in Atlant a {l) in 1973 followed by 'The First 
International Hair Congress" in Hamburg, 
West-Germany in 1978 {12) . This year {1989) the 
formation of a European Hair Research Society 
indicates the increasing importance of and 
interest in ha ir research. 
A. C. Brown published a review on SEM as 
a pplied to the integument (3). the main part of 
which was devoted to studies on hair and this 
review covers the literature before 1979. Under 
the heading of "The Inte gu ment" a selection of 
papers published during the years 1978-1985 in 
Scanning Electron Microscopy comprise the 
application of SEM and X-ray mi cr oanalytical 
techniques as applied to clinical and experimental 
dermatology (6) . Included in this volume is a 
review on SEM as applied to dermatological 
problems c overing the years 1969-1983 (5) . More 
recently a sequel review has been published on the 
clinical applications of SEM and energy dispersive 
X-ray microanalysis covering the literature up to 
1987 (8). 
The object of this paper is to highlight some 
important aspects of the application of SEM to 
hair analysis and to convey some simple hints 
which allow extraction of extra information about 
hair fiber properties. It is hoped that this will 
be an inspiration to further the use of the 
scanning electron microscope in clinical, 
pathological and experimental medicine . 
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Preparation of hair fibres for SEIi analysis 
Cleansing procedures: Hair fibers may be 
mounted for SEM without previous cleansing 
procedures. More often than not debris originating 
from the environment, including the scalp, will 
adhere to the fiber surface. Since the lipids from 
the sebaceous glands form a thin film covering the 
surface of the fiber lipid solvents often free the 
fibers from fat and debris . It appears that the 
best solvent combination is chloroform:methanol 
{1:1) which can be followed by a brief rinse in 
distilled water if salt deposits are present. 
Fixation: Usually hair fibers are viewed in 
the SEM without prior fixation. It has been argued 
that fixation by chemical means or by critical 
point drying is necessary for stabilization of 
fibers before the introduction into the SEM (9). A 
critical analysis of the arguments presented in 
the literature reveal that no satisfactory control 
experiments to support such a claim have been 
presented. Since keratin is a highly hygroscopic 
material any fixation experiment should include a 
rigid control of the hydration parameter during 
the entire preparation procedures to account for 
changes in the hair fiber form and/or diameter as 
well as in the internal fibrillar and cellular 
architechture. The conclusion is that from a 
practical point of view an additional fixation 
step does not seem necessary when consolidated 
fibers are studied. 
Speciaen aounting: Mounting the fiber on a 
SEM stub can be done using fluid carbon or a glue. 
Alternatively double sticking tape provides a 
convenient mounting medium. The fluid mounting 
materials have the drawback that the cuticle cells 
of the hair fiber surface and exposed parts of 
cortex may draw liquid. This will make the fiber 
partially immersed in the mounting material and 
consequently some areas of the fiber will not be 
accessable to inspection. Especially the part-time 
microscopist will find double sticking tape an 
easier and more reliable mounting material, albeit 
it is more difficult to keep the background 
surface dust free. 
O,ating the speciaen: Dry protein materials, 
like a hair fiber, are good electric insulators 
and the cleaned fiber will often have 
electrostatic properties. This will result in 
charging spots on the specimens under electron 
bombardment. It is therefore necessary to coat the 
specimen with a conducting coat. Before coating 
the hair fiber the specimens mount sandwich should 
preferably be cleaned with a spray-type duster. 
The free tips of the cuticle cells are often 
conspicuous sites of charging. Evaporating a thin 
film of gold (Au), gold/platinum (Au/Pt) alloy or 
carbon on the surface of the fiber in vacuum 
provides the specimen with the desired conducting 
layer. In addition, a metal coating will provide 
an effective stopping material for the impinging 
electrons on the very surface of the biological 
structure within the normal range of acceleration 
voltages (5-20 kV). The deposition of metal or 
carbon on the surface can be achieved with a 
moderate vacuum sputter or a high vacuum 
evaporator. Generally sputtering will be 
satisfactory for the resolution desired. However, 
in high resolution studies high vacuum evaporation 
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is mandatory. In addition, minute 
structures which may be hidden under a 
coat can be given an enhanced contrast 
final image by unidirectional low 





Electron aicroscopy: Uncoated or coated 
speciments are studied to advantage at low 
voltage, e.g . 5 kV, if high resolution images are 
not required, i.e. if the primary magnification is 
below 2000 X. Charging at the cuticle free ends is 
then generally avoided . For higher resolution 15 
kV is generally used. 
Interpretation and experiaental approach 
In the introductory chapter of the 
publication from "The first human hair symposium" 
Brown outlined the feasibility of hair analysis in 
the SEM (2). As main characteristics to be looked 
for he directed the interest towards the cuticle 
which may be present or absent, a fact often 
correlated to tensile strength and also to content 
of cystine and thus sulfur. Instead of the 
smoothly straight or slightly undulating free 
border of the virgin fiber (Fig. 1) in the 
'normal' process of weathering, i.e. the effect of 
physical and chemical wear and tear on the fiber, 
little bits of the cuticle free end are chipped 
away, leaving a jagged contour {Fig. 2). The size 
of the chips broken away from the fiber is likely 
to be correlated to the adhesiveness of the inter-
cuticle/cuticle-cortex cementing substance . Other 
interesting cuticle characteristics are the 
distance between the free edges of overlapping 
cuticle cell, cuticle cell thickness, and the 
number of cuticle cells enclosing the fiber 
circumference . The cuticle surface may be smooth 
or corrugated by fine longitudinal ridges . In 
addition to the mentioned variations in the 
cuticle morphology related to the intrinsic 
properties of a hair fiber chemical and physical 
agents alone or in combination may produce a 
variety of artifactual changes as seen in SEM 
micrographs. 
At the tip end of a scalp hair fiber the 
cuticle cells often are only partly present and 
the cortex is laid bare {Fig. 3). Fringing of the 
cortex may be conspicuous in fibers that have been 
exposed to extensive weathering. The degree to 
which this is seen appears to be related to 
individual properties of the hair shaft, the 
extent to which the fiber has been subjected to 
cosmetic treatment, other environmental factors 
etc. Thus, this finding should be interpreted with 
utmost care. To m1n1m1ze misinterpretation the 
virgin pa.rt of the fiber, e.g. the part closest to 
the scalp should always be included in the 
investigation. 
1be hair fiber cross-section may be easily 
visualized by cutting a millimeter long stub from 
the fiber fixed on the SEM stub by double sticking 
tape. Gentle manipulating of the cut piece to make 
it stand on one end will allow easy inspection of 
the cut cross section in the SEM. In a defect 
fiber compression effects in the cortex material 
at the cut end will often be more conspicuous than 
in normal hair shafts {Fig . 4) . 
1be scalp hair shaft normally appears as a 
cylinder or a slightly compressed cylinder in the 
Fig 1 . 
Fig 2 . 
Fig 3 . 
SEN of pathological hairs 
Virgin hair fiber . Notice the smooth 
free ends of the cuticle cells . 
White bar 10 µm. 
Weathered fiber. The free edges of the 
cuticle scales are chipped and the cell 
margin is <lagged from the chipping . At 
places the cuticle is lifted up from the 
underlying surface . White bar 10 µm. 
Free end of weathered fiber with cortex 
laid bare . In the lower part of this 
micrograph the cuticle cells are 
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Fig 4 . 
Fig 5. 
Fig 6 . 
severely abraded. White bar 10 µm. 
Short end of a hair fiber showing a 
pathologically loose structure of cortex 
material . White bar 10 µm. 
Cross section of a pubic hair fiber. 
Notice the kidney form which is similar 
to that often seen in pili canaliculi . 
White bar 100 µm. 
Pubic hair with longitudinal groove. 
White bar 100 µm. · 
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SEM. It may also disclose longitudinal groove(s) 
which generally are shallow. In pubic (Fig . 5 &. 6) 
and axillary hair this longitudinal grooving is a 
generalized finding and a characteristic of 
forensic interest. Also in certain conditions such 
as in pili canaliculi longitudinal grooves run 
along the fiber just for short distances. 
Sequential cuts of such a hair fiber will show 
that the cut end of the fiber sections from one 
and the same hair shaft appear to have different 
shapes. e.g. kidney, crescent or oval form. 
The fiber dia.eter may vary as a function of 
disease referred to as the Pohl-Pinkus mark . The 
phenomenon has been observed in diseases related 
to protein synthesis deficiencies, for example in 
Kwashiorkor . It may also be an iatrogenic effect 
caused by drugs such as used in cancer therapy . 
Drugs directed towards control of nuclec acid 
synthesis (4) fall within this category. The 
effect of such substances should be correlated to 
findings of the number of anagen/telogen hair 
fibers . It is, in this context. important to 
observe that the hair fiber diameter becomes 
reduced in conditions of protein deficiency 
whereas caloric deficiency results in an increased 
number of telogen hairs (30%) . 
The effect of a sulfur deficiency is often 
seen as clear breaks in the fiber, trichorhexis 
nodosa (Fig. 7), or bamboo type of invaginations 
of the fiber (Fig. 8) in addition to the cuticle 
observations indicated above . 
The tensile strength of a hair fiber can be 
investigated by simply tying a knot in the fiber 
(7). If the cuticle cementing substance is 
defective the cells tend to stand out radially in 
the sharp bends of the knot (Fig . 9) . Minor breaks 
in the cuticle cell surface indicate an internal 
deficiency in the cuticle fibrillar and/or matrix 
substance. In more severe cases of deficiencies in 
the protein synthesis the fiber will break 
partially (Fig 10) or completely at the knot. 
The knot also reveals the cross-sectional 
form of the fiber. The sharp bends of the fiber in 
the knot appear flat in an oval fiber but are 
clearly rounded in a hair shaft with a more or 
less circular cross-section (Fig. 11). If the 
packing of cells and/or intracellular material in 
the center of the fiber is conspicuously loose or 
if the medulla is prominent a tight knot will show 
a shallow groove in the bend profile (Fig. 12) . 
Coapleaentary techniques 
Although the SEM can be used to record the 
morphology of and to disclose a number of 
properties of the scalp hair shaft, often 
complementary information is needed for a 
clinical/pathological diagnosis. Today energy 
dispersive X-ray aicroanalysis (EDX} in the SEM 
provides information on the elemental composition 
of the fiber under investigation. Sulfur which is 
difficult to determine biochemically is 
conveniently determined with this technique. The 
main drawback of the EDX is that it gives 
information only on the chemical composition and 
not on the chemical state of the elements , e .g . 
EDX does not show if the elements are in ionized 
form, or if they are bound in certain chemical 
configurations etc . In inertly prepared specimens 
the sensitivity of EDX is approximately 200 ppm 
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(parts per million) . If there is a need for trace 
element analysis the sensitivity can be increased 
by microincineration of the specimens or by proton 
induced X- ray emission (PIXE) analysis (8) . The 
former technique may increase the sensitivity by a 
factor of 2-5 whereas the latter method at present 
allows a sensitivity of (10 ppm (8) . 
Biochemical analysis , including amino acid 
analysis, may be quite rewarding. Often the amount 
of material available will prohibit amino acid 
analysis . Using radiolabelling the fractions of 
dissolved hair proteins can be subjected to 
two-dimensional electrophoresis starting from 
minute amounts of material, i.e . a 5 mm strand of 
hair (11). 
Looking at the research in progress in the 
wool industry , it may be noted that a number of 
staining techniques for analysis of wool fiber 
characteristics are evolving (10} . It is most 
likely that such techniques will provide pertinent 
information · to pathologists, forensic scientists 
and dermatologists alike concerning the properties 
of hair fibers from normal and pathological cases . 
Conclusion 
Although the SEM by now is a firmly 
established technique in dermatological pathology 
it is quite often overlooked by dermatologists in 
the analysis of hair shaft abnormalities. The 
suggestions for a functional approach given here 
as a complement to pure morphological recording of 
the hair fiber surface will hopefully invite a new 
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cuticle cells . White bar 100 µm. 
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bend. White bar 100 µm. 
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Discussion with Reviewers: 
D.W.Gregory: Don't you find that double-sided tape 
is unstable in the beam , leading to movement of 
the hair during examination? I have found a tiny 
drop of silver dag or carbon dag to be very 
satisfactory for adhering ha i r to a stub. 
Author: I agree that the carbon dag mounting 
technique is excellent in the hands of the 
erperienced microscopist . However , I advocate the 
use of tape mounting for the less experienced 
scientist. We have found that when we work at low 
acceleration voltages e.g. 5-15 kV. and we ensure 
that there is good contact between the sputtered 
coating and the stub metal, we experience no 
trouble using double-sticking tape as the mounting 
medium. 
D.W. Gregory: Sputtered platinum gives finer 
granularity coating than gold/platinum alloy . High 
vaccum evaporation tends to be directional. Do you 
not find that unidirectional , low-angle 
evaporation leaves points uncoated which charge in 
the beam? 
Author: If your problem requires a uni- or bi-
directional low-angle coating not seldom you will 
find that there are areas which charge due to the 
lack of a complete coating . Again, if it is 
possible to work at low acceleration voltages 
charging will be negligible. 
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W. Wilborn: What does SEM and EDX reveal for hair 
in Menkes Disease? 
Author : The topographic morphology of the hair 
surface will reveal the pili torti changes that 
are common in this disorder . I have no knowledge 
of EDX analysis of hair from Menkes syndrome 
patients. Particle probe analysis (EDX or PIXE) 
could give very interesting information on the 
content of S along the hair fiber. Especially the 
Cu/Zn quotient would be interesting to study as Cu 
has been reported to be abnormal (c.f. several 
entries under Menkes-Syndrome in CE Orfanos, Haar 
und llaarkrankheiten, Gustav Fischer Verlag. 
Stuttgart, New York, 1979). 
W. Wilborn: Can you provide any new information by 
SEM and EDX on the corkscrew hairs associated with 
congenital alopecia due to pili torti? 
Author: To my knowledge there is no such 
information at hand . As is the case when the 
mechanical properties of a hair fiber are changed 
it would be of interest to study the effects of 
forming a knot on the fiber . 
